Abstract -This paper describes the design process of an integrated antenna for an automotive rescue system. In order to fulfill the antenna design requirements in different frequency bands and to minimize the interference phenomena arising from the integration of different classes of antennas in a single device, a two-phases stochastic optimization approach is used. The experimental validation carried out on the developed prototype confirms the effectiveness of the proposed approach.
Introduction
An automotive rescue system able to fully exploit available wireless services such as timing, localization, and data exchange (e.g., SARSAT, GSM/GPRS and GPS) requires an antenna system operating in different frequency bands.
Due to the automotive application constraints, important issues arise concerned with the coexistence of more antennas in a limited space as well as limited weight and volume. This paper describes the antenna system developed within the AIDER (Accident Information and Driver Emergency Rescue) project aimed at developing an accident management system able to optimize time and effectiveness of rescue operators. The design of an antenna for each wireless subsystem (COSPAS-SARSAT, GPS, GSM/GPRS) is not critical in itself, while the design of an integrated antenna requires a great care to avoid mutual coupling effects arising when the radiating subsystems have to be placed in a single limited volume. Starting from the electrical guidelines of the rescue system and taking into account the geometrical constraints, the antenna design has been optimized through a two-phases strategy, as described in the following section. A prototype of the device has been built and validated through a set of experimental tests.
Antenna design and results
The design of the multifunction antenna was carried out by means of a twophase process. The first phase is aimed at defining the more appropriate class of antennas for each wireless service by taking into account physical as well as electric constraints. As far as the COSPAS-SARSAT and the GSM/GPRS systems are concerned, a monopole antenna turns out to be a good choice. Since the GSM/GPRS system operates in two different frequency bands, a dual-band monopole is adopted by considering a LC tuning device allowing the multi-band operations. A more demanding task is related to the selection of a proper antenna subsystem for the GPS function.
In fact, it is necessary to handle the effects of multi-path phenomena caused by reflections and to achieve a hemispherical coverage to receive signals 
where
is the location of the a-th radiating subsystem on the ground plane. The unknown array a γ defines the physical characteristics for each antenna sub-system. More in detail, , GPS GPS h r ) the radius and the position of the lower (1) and of the upper (2) spiral turn of the GPS helix antenna, and GPS S the distance between two adjacent turns of the helix antenna. 
Conclusions
The design of an automotive multi-function antenna has been described. The results of the experimental and numerical validation have been reported to confirm the compliance with the specifications as well as the effectiveness of the design procedure. Table 1 Multi-function antenna specifications and VSWR results 
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